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Introduction
Recently more and more researches are examining the relationship between climate (temperature, rainfall, storm, and other aspects of the weather) and economic performance (agricultural production, commodity prices, and economic growth) (Cashin et al., 2015) . This condition is essential because an understanding of the relationship between climate and economy is the key to formulate the effective macroeconomic policies and to predict how the future climate change will impact economic activity. One such climate phenomenon is El Nino. El Nino is a climate phenomenon indicated by the significant rise of sea surface temperature in the Central and Eastern Pacific Ocean. In Indonesia, El Nino event is closely related to drought, decreasing rainfall, rising temperature, decreasing agricultural or crop production, and increasing forest fires. El Nino can have a substantial impact in Indonesia that has the agricultural sector as one of the leading economic sectors since the agricultural sector is directly affected by climate and weather phenomenon. Any disruption to agricultural activity as a result of El Nino can cause economic and social costs that lead to higher prices and lower public income (Cirino et al., 2015) .
The El Nino phenomenon measured by sea surface temperature anomalies in an area of the Central Pacific Ocean named Nino 3.4. A temperature increase above the average relates to the El Nino event. According to Figure 1 , there was a significant rise of sea surface temperature in 1982, 1988, 1997-1998, 2009-2010, and 2015 which are the years El Nino events occurred. So far the studies that examine the relationship between El Nino and economic condition are largely about the microeconomic effect of El Nino, for example on specific sector such as agriculture (Adams et al., 1995; Solow et al., 1998; Cirino et al., 2015) ); and on certain commodity such as coffee, corn, and soybean (Ubilava, 2011; Iizumi et al., 2014) . Meanwhile, there are also studies about the macroeconomic impact of El Nino, such as Laosuthi & Selover (2007) and Cashin et al. (2015) . Laosuthi & Selover (2007) studied the impact of El Nino on the economy. They found that El Nino had a negative impact and also a positive impact. The positive and negative effects are canceling each other. However, in a specific region of a country, El Nino can have a significant influence on the economy in that region. Nevertheless, Cashin et al. (2015) found the impact of El Nino on macroeconomics tends to be lower in the countries that are not directly affected, have large area so that only a portion of the country is affected by El Nino, have lower primary sector contribution to gross domestic product, and have more diversified economy.
According to Laosuthi & Selover (2007) , El Nino can have a significant influence on the economy in a particular region within a country. This fact means regional economic performance in a country such as regional inflation can influence by an external factor such as climate like El Nino. In addition to the external factor, economic factors can influence regional inflation that varies across regions. Inflation at the national level contributed by the inflation rate occurring in each region (Falianty & Hanifah, 2012) . Thus each region has a different inflation rate. This fact can happen due to the differences in cost structure across the region such as regional budget (APBD), local revenue, wage rate, and infrastructure condition and so on. Besides, the inflation in other regions can affect inflation in a region. Inflation at the regional level considers that each region has a certain inflation characteristic that implies more specific inflation control policies. Although beside El Nino there are essential factors that affect inflation, the existence of El Nino must notice because the intensity of this climate phenomenon cannot control. El Nino causes a prolonged drought that affects the agricultural sector in the form of decreasing agricultural production and rising food prices. The 1997 El Nino event resulted in 517,614 acres of 11.13 million acres of rice cultivation area affected by drought. As a result, Indonesia imported rice amounted to 7.1 million tons in 1998. The decline in agricultural production creates a food shortage that causes a rise in food prices. In term of El Nino's relation to inflation, the following Table 1 shows the inflation of the province in Indonesia from 2014 to 2016. Table 1 shows that the highest inflation during the three years mostly happens in 2015. The highest inflation in 2015 happens in 18 of 32 provinces. This fact may be related to the El Nino event that occurred in that year.
Based on these empirical facts and considering so far the studies on the relationship between El Nino and economy is mostly microeconomic and also because the macroeconomic studies still focused at the country level, it is necessary to study the macroeconomic impact of El Nino at the regional level within a country. This fact is because Indonesia is a vast country, so not all regions of Indonesia affected by El Nino. Based on this case, in this study, the analysis is conducted separately between the region affected by El Nino and the region not affected by El Nino. Therefore this study is expected to obtain more precise and specific results related to the regional characteristics.
The difference in the impact of El Nino in a vast country such as Indonesia can be seen by its different effect on the rainfall patterns. Aldrian & Susanto (2003) observed that the impact of El Nino differs in the regions with different rain patterns, i.e., in region with monsoon rain pattern such as southern Indonesia the effect of El Nino is strong, whereas in region with equatorial rain pattern such as equatorial and northern part of Indonesia the effect is weak. The difference of El Nino's impact on rainfall in a different region can further determine the difference between El Nino's impact on economic activity and also macroeconomic condition itself. The variable at the regional level usually does not independent across the region (crosssection) due to similar characteristics between the neighboring regions (LeSage & Pace, 2009) . Consequently, the standard estimation procedure without considering inter-regional interactions can lead to bias and inefficient estimates (Arbia, 2005) . In this study, the spatial interactions of the economic variable between regions (provinces) consider as another factor that affects inflation. Therefore this study aims to analyze the impact of El Nino as an external factor and also the impact of another relevant economic factor and spatial interactions on regional inflation in Indonesia.
Methods
The response variable in this study is the inflation (consumer price index) with El Nino as one of the independent variables. The El Nino variable is measured using two indicators, the El Nino Southern Oscillation (ENSO) index measured by the fluctuation of sea surface temperature in the Nino 3.4 region (Pacific Ocean), and temperature anomaly of the province in Indonesia. There is a good correlation between sea surface temperature in the Pacific and the temperature in Indonesia, so the use of temperature anomaly indicator is justifiable. Adapted from the studies of Brodjonegoro et.al., (2005) and Falianty & Hanifah (2012) the other independent variables (economic variables) in this study are provincial minimum wage, local revenue, local government expenditure, infrastructure condition as measured by the proxy of road length, and real interest rates. All data are secondary at the provincial level. In this model, the dummy variable of crisis is also included to capture the effect of the 1997-1998 crisis, given the period of this study covers the crisis period in Indonesia.
The data used is panel data that is a combination of cross section and time series data, i.e., 26 provinces in Indonesia in 1996-2016. For the provinces formed after 1996, their data combined with the data of their parent province. In the analysis, 26 provinces divide into two groups, i.e., the provinces affected by El Nino and the provinces not affected by El Nino. The grouping is based on the classification of Indonesian territory by Aldrian & Susanto (2003) into three regions with different rain pattern, i.e., monsoon, equatorial and local rain patterns. In that study, the effect of El Nino is different between the regions with different rain patterns, that is in the regions with monsoon and local rain pattern (have one peak rainy season) the effect of El Nino is strong, while in the regions with equatorial rain pattern (has two peak rainy seasons) the effect is weak.
Based on the classification, the region (provinces) affected by El Nino is 16 provinces with monsoon and local rain pattern, i.e. West Sumatera, Jambi, South Sumatera, Bengkulu, Lampung, DKI Jakarta, West Java, Central Java, Yogyakarta, East Java, Bali, West Nusa Tenggara, East Nusa Tenggara, South Kalimantan, South Sulawesi, and Southeast Sulawesi. The regions (provinces) not affected by El Nino is ten provinces with equatorial rain pattern, i.e., Aceh, North Sumatera, Riau, West Kalimantan, Central Kalimantan, East Kalimantan, North Sulawesi, Central Sulawesi, Maluku, and Papua.
These inter-regional interactions ignore in the common panel studies. According to LeSage & Pace (2009) , the consequence of ignoring spatial interactions in both dependent and independent variables is significant because the econometric literature has shown that if there are relevant independent variables not included in the regression equation, the estimation of coefficient become bias and inconsistent. In other words, ignoring spatial interactions, if they do exist, will lead to reduced efficiency.
Adding the effect of spatial interactions into a linear regression model forms the spatial model. In general, there are three types of interaction effect within the spatial econometrics model, i.e., the endogenous interaction effect between dependent variables (Y), the exogenous interaction effect between independent variables (X), and the interaction effect between error components (ε) (Elhorst, 2014) . In this study, the spatial model used is a spatial lag model or spatial autoregressive (SAR), which takes into account the endogenous interaction effect between dependent variables. The basis of this decision is because it suspects that the dependent variable also influences the dependent variable in this study (provincial inflation), other than influenced by the independent variables in the province itself in the neighboring provinces.
The spatial weight matrix is one of the ways to summarize the spatial relationship in the data. It is n x n non-negative matrix that determines the set of neighbors for each spatial unit (location). The spatial weight characterizes the cross-section dependence, so the value of spatial weight has a significant influence on the estimation of spatial dependence model (Jajang et al., 2013) . In this study we used several spatial weight matrices based on geographic proximity of spatial units. First, K nearest neighbor matrix. This matrix gives a weight of 1 for the spatial unit (province) that included to the nearest neighbor of a spatial unit, and a weight of 0 for the other spatial unit. The researcher determines the number of k. In this study the number of k tested were 2, 3, 4, and 5.
Second, the radial distance matrix. This matrix gives the weight of 1 for the pair of a spatial unit whose distance is below the threshold of a certain distance, and the weight of 0 for the pair of a spatial unit whose distance is above the threshold. In this study, the threshold (d) tested is one times the distance of the farthest neighbors, 1.5 times the distance of the farthest neighbors, and two times the distance of the farthest neighbors.
Third, the distance matrix. The distance between the spatial units determines this weight matrix. This matrix provides greater weight value for the pair of spatial units with shorter distances and smaller weight for spatial units with longer distances. Suppose there are n spatial units, i, j = 1,2, ..., n, d ij is the distance of spacial unit i to the spatial unit j, and w ij * is the inverse of d ij or w ij * = 1 / d ij α , with α is the power of 1, 2, and so on.
Inflation equation model with ENSO as El Nino variable:
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Result and Discussion
Between 1996 and 2016, the inflations of the province in Indonesia tend to be positive every year. This data is as shown in Figure 2 . Figure 2 shows the average inflation of the province in Indonesia annually between 1996 and 2016. In general, the average provincial inflation in this period ranged between 9% and 12%. This high inflation rate can explain by the fact that in this period there were several high inflation occurrences such as in 1998 that reach more than 70% and in 2005 that reach 20% in several provinces. To show the more recent inflationary development Figure 2 also presents the average inflation over the last ten years (2007 to 2016). Figure 2 shows the average provincial inflation in the last ten years ranged between 5% and 8%. This average inflation rate is lower compared to the 1996 to 2016 period. Although the average rate is different, there is a similarity in both calculations, i.e., the highest inflations occur in the provinces of Kalimantan and Sumatera, while the lowest inflations occur in the provinces of Java and Bali. These facts show that there is a tendency of similarity of the inflation rate in the adjacent provinces (provinces located on the same island) that characterize the spatial dependence.
The next descriptive analysis is conducted by looking at the correlation between the inflation rate in the provincial groups based on the major islands and the national inflation rate. The results show in Table 2 shows there are a high correlation of regional inflation and national inflation in all provincial groups. This condition because the inflation that occurs at the regional level contributes the inflation at the national level. So, there is a similarity between those two. Based on the magnitude of the correlation, the most significant correlation is in Java, which is 0.9929. This result indicates that the region with the most contribution to national inflation is Java. This subsection describes the analysis results of the determinants of inflation in 26 provinces from 1996 to 2016. The determinants included in the model are provincial minimum wage, local revenue, government expenditure, infrastructure condition, real interest rates, and El Nino. The dummy variable of the crisis is also included to capture the effect of the 1997-1998 crisis, given the period of this study covers the crisis period in Indonesia. In the following inflation model, the provinces in the study group into two regions, i.e., the provinces affected by El Nino and those not affected by El Nino. The two regions are shows in Figure 3 .
By using spatial panel analysis, weight matrix based on geographic proximity is used to measure spatial interactions. The inflation model in the first region (the region affected by El Nino) uses the radial distance matrix with the threshold of 2 times the distance of the farthest neighbors, while the model in the second region (the region not affected by El Nino) uses the distance matrix with the power of 1. The method to select the weight matrix and the form of the selected weight matrix are shows in the Appendix (Table A, Table B, Table C, and Table  D) . The estimation result of the determinants of inflation in both regions shows in Table 3 . Note: The number in (…) is p-value . ***,**,* show 1%, 5%, 10% significance levels Table 3 shows the inter-provincial spatial interaction (spatial lag) has a positive and significant effect on inflation at 1% significance level in both regions, both in the inflation model with ENSO (first model) and temperature anomaly (second model) as El Nino variable. These results indicate the inflations of its neighboring provinces influence the existence of spatial dependence between provinces that affect inflation, i.e., the inflation of a province. The existence of significant spatial dependence of variable at the provincial level in Indonesia is in line with the results of Tirtosuharto & Adiwilaga (2013) which stated that there is a tendency of spatial autocorrelation in regional inflation in Indonesia. Dekiawan (2014) also stated that variables at the provincial level have spatial dependencies among each other so that the other provincial governments influence the policies formulated by a provincial government. The results of these studies indicate the importance of including the spatial interactions in the analysis at the regional level. These results are also consistent with the hypothesis and the proposed theory that spatial dependence is often present in cross-sectional samples (LeSage & Pace, 2009) . Spatial dependence between regions can arise due to the inter-regional movement of goods and services as well as production factors. The provincial minimum wage has a positive and significant effect on inflation at 1% significance level in both regions, both in the first and second model. These results are similar to those of Falianty & Hanifah (2012) , i.e., the minimum wage has a positive effect on regional inflation. These results also support Lemos (2004) study which stated that the rise of minimum wage affects inflation with little effect, i.e., no more than 0.4% for a minimum wage increase of 10%. Brouillette et al., (2017) stated that a rise in the minimum wage could affect inflation by 0.1%. The difference between these results is only at the value of the estimated parameters, and this is due to the difference in time and coverage of each study. In general, these results are following the initially proposed hypothesis and with the theory of wage-price spiral. Wage is one of the primary inputs in the production process. The setting of minimum wage makes the firms must offer proper compensation or wage to the workers. It will increase the firms' cost production, and they will compensate it by raising prices.
The estimation result of local revenue shows that local revenue has a different effect on inflation in the two regions. Local revenue has a positive effect in the first region but has an adverse effect in the second region. The cause of the different effect can be analyzed by looking at the characteristics of the two regions. The higher the local revenue shows that local governments can meet the needs of their regional development. Local revenue comprises the incomes from local taxes, regional retributions, regional-owned enterprises, and the other. Tax is the most significant component of local revenue. The positive effect of local revenue on inflation can explain that the increase in local revenue shows an increase in income for firms and households in the region. Referring to the theory of aggregate demand, the rise in income drives an increase in consumption and then followed by the rise in demand and prices. The positive effect of local revenue on inflation is in line with the study of Brodjonegoro et al., (2005) . On the other hand, the rise of tax as the most significant component of local revenue had the adverse effect of local revenue on inflation. Based on the theory of aggregate demand, the tax increase is a form of fiscal contraction that causes a decrease in consumption as income allocation for taxes to increase -decrease in consumption followed by a decrease in demand and prices. The adverse effect of local revenue on inflation is in line with the study of Falianty & Hanifah (2012) . Differences in the effect of local revenue on inflation can observe by looking at the level of consumption. Table 4 shows the average percentage of household consumption of domestic demand to the gross regional domestic product (GRDP) in Indonesia's provinces between 2012 and 2016. Table 4 shows the highest percentage of consumption dominated by the provinces in the first region, namely East Nusa Tenggara, South Sumatera, Yogyakarta, Bengkulu, and West Java. In contrast, the provinces in the second region, namely East Kalimantan, Riau, Central Kalimantan, and Papua, dominate the lowest percentage of consumption. Differences in consumption level between the first and second region can cause differences in the effect of local revenue on inflation. The effect of local revenue on inflation tends to be positive in the region with high consumption level and negative in the regions with lower consumption level. Government spending has a positive and significant effect on inflation in the second region and does not affect the first region. An increase in government spending by 1% will increase inflation by 0.07% in the second region, ceteris paribus. This result is similar to those of Brodjonegoro et al., (2005) and Falianty & Hanifah (2012) , i.e., local government spending has a positive effect on regional inflation. Nguyen (2018) stated that in the short term government spending has a positive impact on inflation in Indonesia. These results are also following the proposed hypothesis and the theory of demand-pull inflation. Government spending is one form of fiscal policies undertaken by local governments to drive economic activity in the region to spur economic growth. Based on the theory of demand-pull inflation, in the economy with full employment, an increase in government spending will only increase inflation.
The infrastructure condition has an adverse effect on inflation in both regions. Increasing infrastructure can reduce inflation by 0.04% in the first region and 0.06% in the second region. These results are similar to those of Brodjonegoro et al., (2005) and Falianty & Hanifah (2012) , i.e., infrastructure condition negatively affect regional inflation. These results are also by the proposed hypothesis. Given that the infrastructure condition has an essential role in the distribution flow of product, the improved infrastructure will accelerate the distribution flow and reduce the time of travel. These cost reductions can impact the prices within the market. Besides, the improved infrastructure condition can also reduce the transportation cost so it can increase the trade volume and facilitate the transfer of technology and information.
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There are two approaches used to observe the effect of El Nino on inflation, i.e., using the ENSO and temperature anomaly variables. The estimation results show that in the first region temperature anomaly variable have a positive effect on inflation, but the ENSO variable has no significant effect on inflation. This different result can explain because of the characteristic of the ENSO variable that is location-invariant, as its value measured by the fluctuation of temperature in the Nino 3.4 region of the Pacific Ocean. Compared to the temperature anomaly variable, the ENSO data is less diverse and less characterizes the condition in each province. In contrast, the use of provincial temperature anomaly variable is better at indicating the conditions in each province. The use of temperature anomaly variable is also entirely accurate considering there is a good correlation between surface temperature in the Pacific Ocean and Indonesia (Suryantoro & Siswanto, 2008) and the increase of sea surface temperature in Indonesia due to supply of warm water from the Pacific Ocean during El Nino (Habibie & Nuraini, 2014) . The well-correlated fluctuations of sea surface temperature in Nino 3.4 and average temperature in Indonesia can be seen in Figure 4 . Estimation results show that El Nino (temperature anomaly variable) has a positive effect on inflation in the first region but has no effect in the second region. This result is consistent with the hypothesis that the impact of El Nino in Indonesia is particularly felt in the southern region that has monsoon rain pattern. These results suggest that El Nino only affects inflation in the region that is climatically affected by the El Nino, while in the region that is not climatically affected by El Nino; El Nino itself does not affect inflation. Aldrian & Susanto (2003) stated that there is a substantial El Nino impact on the changes in rainfall in the areas with the monsoon and local rain patterns. It means in these areas El Nino affects agricultural production activities that are vulnerable to the climate change such as changes in rainfall pattern, so El Nino that causes drought can decrease agricultural production in the short term. The decline in agricultural production means The Impact of El Nino on Inflation http://journal.uinjkt.ac.id/index.php/signifikan DOI: htttp://dx.doi.org/10.15408/sjie.v8i1.7130 food shortage that followed by the rise of food prices and inflation. The positive impact of El Nino on inflation is in line with the study of Cashin et al. (2015) which stated that there is a tendency of short-term price increase caused by El Nino occurrence, including in Indonesia.
Meanwhile, in the region that is not affected by El Nino, the agricultural production is relatively unaffected, so the food prices are relatively stable, and the impact of El Nino on inflation is not significant. On the larger scale, these results show that the impact of El Nino on the macroeconomics in the country with a large area such as Indonesia is relatively low, this also in line with the finding of Cashin et al. (2015) . The impact of El Nino is not felt in all regions of the country but only in some part. There are other areas not affected by El Nino.
The Ministry of Agriculture through Agricultural Research and Development Agency (Balitbang) sets out the general guidelines for adaptation to climate change in the agricultural sector, referring to the Indonesia Climate Change Sectoral Roadmap (ICCSR) Agricultural Sector in 2010 compiled by the National Development Planning Agency (Bappenas). These general guidelines include a description of adaptation strategies and programs in the agricultural sector to respond the climate change with the support of innovative and adaptive technologies. The form of adaptation programs are: (1) optimization of land and water / irrigation resource management; (2) adjustment of the planting pattern and time; (3) application of new technology such as superior drought-tolerant variety and the climate information system from the service provider (BMKG) to users (farmers); and (4) development and application of adaptive technology.
The implementation of these policies requires steady financing, one of which comes from government spending. As the fiscal policy authority, the Ministry of Finance already developed a budget tagging mechanism for climate change as a tool for mapping the public financing support (APBN) on climate change related activities. In 2017 the government raised the APBN budget allocation for climate change mitigation and adaptation to IDR 77.65 trillion from IDR 72.28 trillion in 2016. This fact indicates an increase in government spending to respond to the impact of climate change such as El Nino. In theory, the increase in government spending has an impact on inflation. This theory is in line with the results of this study that shows the positive effect of government spending on inflation in both regions. The significant effect of El Nino on inflation, also because of the rise of food prices due to a decline in agricultural production in the short term, can also be amplified by the increase in government spending in the context of mitigation and adaptation to climate change.
Conclusion
The El Nino phenomenon as an external factor to the economy has a positive and significant effect on inflation in the southern region of Indonesia, while in the other region it has no significant effect. These results suggest that El Nino only affects inflation in the areas that are climatically affected by El Nino. It means, in this region, El Nino affects http://journal.uinjkt.ac.id/index.php/signifikan DOI: htttp://dx.doi.org/10.15408/sjie.v8i1.7130 agricultural production activities that are vulnerable to the climate change such as changes in rainfall pattern, so El Nino that causes drought can decrease agricultural production in the short term. The decline in agricultural production means food shortage that followed by the rise of food prices and inflation. This fact implies the effectiveness of implementation of an adaptation strategy to climate change that has been designed by the government needs to increase. The stability of agricultural production and price is crucial given that the vast majority of Indonesians live in this region that is vulnerable affected by El Nino. Meanwhile, in the region that is not affected by El Nino, the agricultural production is relatively unaffected, so the food prices are relatively stable, and the impact of El Nino on inflation is not significant.
The results of this study indicate the existence of spatial dependence between provinces that affect inflation. The effects of the other economic factors on inflation include provincial minimum wage (positive), infrastructure (contrary), real interest rates (not significant), and dummy crises (weakly significant) are the same in all regions. This result is consistent with the theory, whereas the effect of local revenue differs between the region affected by El Nino (the first region) and the region not affected by El Nino (the second region). Local revenue has a positive effect on inflation in the first region and an adverse effect in the second region. Differences in the effect of local revenue on inflation can observe by looking at the level of consumption. The effect of local revenue on inflation tends to be positive in the region with high consumption level and negative in the region with a lower consumption level. In light of the positive impact of government spending on inflation in both regions (though different in significance), local governments should increase the efficiency of their budget allocations and give greater weight to the more productive spending. Budget allocations for mitigation and adaptation to climate change, including El Nino, need to be genuinely useful. Note: x = 508 km, the distance between a pair of the farthest neighbors
The selected weight matrix is the one with the smallest value of RMSE, AIC, dan BIC, i.e. the radial distance matrix with threshold of 2 times the distance of the farthest neighbors. Note: x = 1180 km, the distance between a pair of the farthest neighbors
The selected weight matrix is the one with the smallest value of RMSE, AIC, dan BIC, i.e. the distance matrix with the power of 1. 
